マルチ最小サポートを用いて継続時間と時間間隔を考慮した時系列パターンマイニングアルゴリズムの研究 by 史 旭
修 士 論 文 の 和 文 要 旨 
 
研究科・専攻 大学院情報システム学研究科  情報システム基盤学専攻  博士前期課程 
氏    名 史 旭 学籍番号 1253005 
論 文 題 目 
マルチ最小サポートを用いて継続時間と時間間隔を考慮した時系列パターン
マイニングアルゴリズムの研究  
 要  旨 
近年蓄積された膨大なデータから潜在的に価値のある情報を見つけ出す時系列パターンマイニ
ング技術が様々の分野で注目され，研究が進められてきた．時系列パターンマイニングによって
イベントの発生順序を示すパターンが抽出されるが，イベントの継続時間とイベント間の時間間
隔は考慮されて来なかった．そこで，本研究ではイベントの継続時間と時間間隔を考慮した時系
列パターンを抽出する手法を検討する． 
 時系列パターンを抽出するには継続時間と時間間隔を離散化してアイテムにしなければならな
い．継続時間はイベントごとに，時間間隔はイベント間ごとに分布や範囲が異なるため，時間を
適切に分割することが困難である．そこで，本研究ではそれぞれイベントの継続時間とイベント
間の時間間隔を階層に分類することによって，マルチレベルで継続時間と時間間隔を考慮した時
系列パターンを抽出する．また，階層で上位レベルのパターンの出現頻度は下位レベルのパター
ンの出現頻度を合わせた値となるため，上位レベルのパターンの出現頻度が下位レベルのパター
ンの出現頻度より高くなる傾向があることを考慮する．階層レベル毎に異なる最小サポートを設
定するマルチ最小サポートを用いて頻出する時系列パターンを抽出する二つのアルゴリズム
DI-PrefixSPMと DI-SufPrefixSPMを提案する． 
 DI-PrefixSPMはイベントの出現順序のみを考慮した時系列パターンを抽出するPrefixSpanア
ルゴリズムを単純に拡張したアルゴリズムである．DI-PrefixSPM により継続時間と時間間隔を
考慮した時系列パターンを抽出することが可能になるが，最下位レベルに対応する最小サポート
だけを用いて枝刈りするため，実行中に多数の不要なパターンが計算されることで処理効率が低
下する問題がある．DI-SufPrefixSPM は長さ 2 の頻出パターンをベースパターンとして，その
パターンのレベルに対応する最小サポートでパターンを前後に伸ばすことによって頻出パターン
を抽出する．DI-SufPrefixSPMはマルチ最小サポートを用いてパターンの長さ毎の枝刈りを実現
し，不要なパターンの計算を回避できる．前後両方向にパターンを伸ばすため，マルチ最小サポ
ートにおける各レベル間の最小サポートの値の差がとても小さく，枝刈りの効果が少なくなる時
に処理性能が低下する場合がある． 
実験により，マルチ最小サポートの設定によるが，長さ毎に枝刈りを可能とした
DI-SufPrefixSPMは DI-PrefixSPMより優れていることを確認した． 
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?????? c0? c01?????C??????????????????????
????????
????????????????? ha0Ib1I1c0i? ha0Ib1i???????????
??????????????? ha0Ib1i? ha1Ib11i???? 1??????????
2.5. ????????? 15
????????????????????? ha0Ib1i? ha0Ib01i?????b1? b01?
???? B?????????b01 ?????? b0 ???????????????
???????????? b10? b11? 1????????????????????
????? ha0Ib1i? ha0Ib11i????????? 1?????b1 ?????? b10 ?
b11??????????? 2?????????? 1? b11???????????
??????????????????
?????????? l? 2???????????l?????????????
?? (l 1)? l????????????????????????????????
??????????????????????????????????????
????????????????????????????????
????? 2.1?????A????????? 2.2??????????????
?????????? hbIa1i? hbIa11i??????????B? b????????
?????hbIa1i??? 0  27??????????A? 4  8?????????
??????????hbIa11i??? 0  27???????? 8?????A????
????????hbIa11i???? hbIa1i????????A????????????
???????????? hbIa11i? hbI11a11i??????????????????
??? I11? 21  27??????????????? a11????????????
????? I ??? 0  27????????? a11???????????????
???????????????????????
?????????????????????????????????????
??????????????????????????????????????
3???????????????????? 7??????A?B?????? 7?
??????????????????A?B?????? 2???????? (7 
7  7 =)343????????????????????????????????
?????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????
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?3? ????
?????????????????????????????????????
???????????????????????????GSP?????????
??????????????????????????????????????
?????????GSP???????????????????????????
?????? PrexSpan??????????????????
3.1 PrexSpan
?????? PrexSpan????????
PrexSpan????????????????????????????????
???????????Prex Projection???????????????????Pre-
x?????????????????????????????????????
??????Prex Projection????????????????????? l???
???????Prex????????????????????????????
?????????????????????????????????Prex??
??????????????????Prex????????????Prex????
????????Prex???????? (l+1)????????????????
?????????????????????????????????Prex??
???????Prex????????????????????????????
??????
PrexSpan????? 3???????????
 ???? 1? ?????????????????? 1??????? ???
???
 ???? 2? ?????? 1??????? ????PrexSpan(; l;DB j)?
?????????? Prex?l? ????DB j? ??????????
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???
 ???? 3? PrexSpan(; l;DB j)?????????
1. DB j??????????????????????????????
2. ??????? ????????????????????0??
?????? (l + 1)???????????????
3. ?0?????0?????????DB j0?????PrexSpan(0; l; DB j0)
??????
? 3.1: PrexSpan?????????
ID ?????
1 C A D B E B
2 A F B A C E
3 F M A B E
4 Q A C F E
? 3.1??? 4???????????????PrexSpan???????????
??????????????????? 75%??????
????? 1??????? hAi?hBi?hEi?hF i???????Prex??????
??hAi? Prex??????hAi?????????????? DB jhAi ?? 3.1?
????? DB jhAi ?????????????? B ? E ??????Prex???
hAi??????? 2??????? hABi?hAEi?????????? hABi?hAEi
??? Prex???????????DB jhABi?DB jhAEi??????? 3.1????
DB jhABi??????????E? hABi??????? 3??????? hABEi?
?????DB jhAEi????????????????????????????A
??????????????????????????????hBi?hEi?hF i?
????????????????
18 ? 3? ????
? 3.1: PrexSpan?????????
3.2 DI-PrexSPM
3.2.1 DI-PrexSPM???????
??????????????????????????????PrexSpan??
??????????????Duration Interval-Prex Sequential Pattern Mining(??
DI-PrexSPM???)?????????????????????????????
???????????????????
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???????? 2???????????
 ???? 1?????????????????????????????
 ???? 2???????????????????????????????
????????????????????????
???????Algorithm1????
???PrexSpan ?????????????????????????????
???????????1??????????????????????????
?????????Prex??? 1??????????? 1??????????
??????????????????????????????????3.1? ID2
?????????????A? 1??? 4??? 2??????1???A????
???????? 4???A???????????????? hAEi??????
????????? 1???A?????????????????
?????????????????????????????????????
?????????????Prex??? 1??????????????????
????????????????????? 1???A?E??????? 4??
?A? E??????????????????????????????????
?????????????????????2??A?????????????
??????????????????????????????????????
??????????????????????????????????????
Algorithm2????
20 ? 3? ????
Algorithm 1 DI-PrexSPM(; l;MDB j; Ihierarchy;minsup[plevel])
??
Input: DBorMDB j:???????????????? ????????????
 :????????????????????? Ihierarchy :??????
l :??? minsup[plevel] :??????????????????
Output: ???????????????????????
Subroutine: GeneratePrexMDB(0; l0;MDB j)
Parameters: Ll :?? l?????????????????????????
Sup :???? Ditem :???????? Iitem :????????
1: if l = 0 then
2: L1 = f j sup  minsup[??????]g
3: for  in L1 do
4: MDB j=GeneratePrexMDB(; 1; DB)
5: DI-PrexSPM(; 1;MDB j; Ihierarchy;minsup[plevel])?????
6: if Sup  minsup[? level] then
7: ??
8: end if
9: end for
10: end if
11: if l > 0 then
12: ??? hashmapE
13: for list M in MDB j do
14: ??? listP
15: for ??????? in M do
16: tend???
17: for Ditem in ??????? do
18: interval = tstart   tend
19: Ihierarchy?????fIitemsg???
20: for Iitem in fIitemsg do
21: if !P .contains((IitemDitem)) then
22: P;E:key  (IitemDitem) , E:key:value++
23: end if
24: end for
25: end for
26: end for
27: end for
28: for (IitemDitem) in E do
29: if !????&&Sup(IitemDitem)  minsup[???] then
30: 0 = + (IitemDitem) , l0 = l + 1
31: Ll0  0
32: end if
33: end for
34: for 0 in Ll0 do
35: MDB j0=GeneratePrexMDB(0; l0;MDB j)
36: DI-PrexSPM(0; l0;MDB j0 ; Ihierarchy;minsup[plevel])?????
37: if Sup0  minsup[0? level] then
38: ??
39: end if
40: end for
41: end if
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Algorithm 2 GeneratePrexMDB(0; l0;MDB j)
Input: DBorMDB j:???????????????? ????????????
0 :?????????????????????
l0 :0???
Return: MDB j0 :0????????????
Parameters: subS(i) : ?????? i ????????????????????????
???
1: if l0 = 1 then
2: for ????? in DB do
3: ??? listM
4: if ?????.cantains(0) then
5: 0??? i???
6: M  (tendi ; subS(i))
7: end if
8: for (tend; subS()) in M do
9: if subS().cantains(0) then
10: 0??? j???
11: M  (tendj ; subS(j))
12: end if
13: end for
14: MDB j0 M
15: end for
16: end if
17: if l0 > 1 then
18: for listM in MDB j do
19: ??? listM 0
20: for (tend; subS()) in M do
21: if subS().cantains(0? l0???????????) then
22: 0??? i???
23: if tstarti   tend 2 0? (l0   1)? l0?????????????????????
&&!M 0.contains((tendi ; subS(i))) then
24: M 0  (tendi ; subS(i))
25: end if
26: end if
27: end for
28: for (tend; subS()) in M 0 do
29: if subS().cantains(0? l0???????????) then
30: 0??? j???
31: if tstartj   tend 2 0? (l0   1)? l0?????????????????????
&&!M 0.contains((tendj ; subS(j))) then
32: M 0  (tendj ; subS(j))
33: end if
34: end if
35: end for
36: MDB j0 M 0
37: end for
38: end if
22 ? 3? ????
?
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i
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a
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1
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? 3.2???????? 3??????????? 10?????????????
???????????????DI-PrexSPM?????????????????
?2.2???3?????????????????????????0??????
? 6??????????????????? 80%?70%?60%?50%?40%?30%?20%
??????
 DI-PrexSPM? 1-2??: ????????????????????????
???????????????? 1???????????
?????????? 0.2%??????? 1????? hbi?hb0i?hb1i?hai?ha1i?
ha10i : : :????????
 DI-PrexSPM? 3-10????? 1??????????Prex???GeneratePre-
xMDB()????????????????????Prex??????Prex
????????????????????????????????????
???????????????? 2???????????
????hb0i?Prex???????????? hb0i????????????
MDB jhb0i?? 3.3????ID10???????? 2?? b0?????????
???? b0???????????????
? 3.3: hb0i????????????
ID ????? ??????????
1 2 h([f; f0]; 6; 7)([a; a1; a10]; 17; 22)([c; c1]; 25; 35)i
2 19 h([c; c1]; 20; 31)([a; a1; a10]; 55; 60)i
3
4
5 9 h([q; q0]; 10; 12)([f; f1; f10]; 15; 22)([h]24; 26)([a; a1; a10]; 28; 33)([c]; 33; 35)i
6
7 1 h([a; a1; a10]; 16; 21)([c; c1]; 25; 37)i
8
9
10 1 h([b; b0]; 11; 12)([f; f1; f10]; 17; 24)([a; a1]; 30; 38)([c; c1]; 38; 49)i
12 h([f; f1; f10]; 17; 24)([a; a1]; 30; 38)([c; c1]; 38; 49)i
24 ? 3? ????
 DI-PrexSPM? 11-27??????????????????????????
???????Prex??????????????????????????
????????????????????????????????????
????????????????????????????????????
ID?????????????????????????????1?????
???????????????
????MDB jhb0i ?????ID10 ???? 2 ?????????(Ia)?(I1a1)?
(I10a1) : : :?????????????(Ia)?2???????????????
??2??????????? ID10? 1??????????????????
? 1???????
 DI-PrexSPM? 28-33??????????????????????????
?????????????????????????Prex??????? (l+
1)???????????????????????????????????
????????????????
??????????? 20%??????MDB jhb0i?? (I10a)?(I10a1)?(I11c) : : :
????????????????????????????????????
hb0i???????????? 2?????????hb0I10ai? hb0I10a1i????
???????????????hb0I10ai??????
 DI-PrexSPM?34-36???????? (l+1)?????????? (l+2)????
????????????????????????????????????
????????? (l + 2)????????????
????hb0I10a1i? Prex???????????? hb0I10a1i????????
????MDB jhb0I10a1i??3.4????MDB jhb0I10a1i?? hb0I10a1I00ci? hb0I10a1I00c1i
???????
 DI-PrexSPM? 37-41??????????????????????????
????????????????????????????????????
???????
???????4????? hb0I10a1I00ci?????? (410 =)0.4%??????
? 4??????????? 40%?????????????????????
????? 4????? hb0I10a1I00c1i?????? (310 =)0.3%???????
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4??????????? 40%????????????????????
? 3.4: hb0I10a1i????????????
ID ????? ??????????
1 22 h([c; c1]; 25; 35)i
2
3
4
5 33 h([c]; 33; 35)i
6
7 21 h([c; c1]; 25; 37)i
8
9
10 38 h([c; c1]; 38; 49)i
3.2.2 DI-PrexSPM????
DI-PrexSPM?PrexSpan????Prerx??????????????????
??????????????????????????????????????
?????????????????????DI-PrexSPM??? l? Prex???
? (l+ 1)??????????????? l??????????????????
???????? (l + 1)???????????????????????? l??
???? 1??????? (l+1)???????????????????????
??????????????????????????????????????
?? (l + 1)????????????????????????????????
?????????Prex ????? l ????????????????????
??????????????????DI-PrexSPM??????????????
??????????????????????????????????????
????????????????????DI-PrexSPM????????????
??????????????????????????????????????
?????????????????????????????????????
26 ? 3? ????
????? 3.2???????????????? F?????????????
???????????????????????? 20%??? 2????? hfIc1i?
????=60%?hf1Ic1i?????=50%?hf10Ic1i?????=50%?hfI10c1i?????
=20%?hfI00c1i?????=40%?hf1I00c1i?????=40%?hf10I00c1i?????=40%?
????????????????????? 2???????? hf10Ic1i?hf1I00c1i
? hf10I00c1i?3????????3?????????????7?????????
???????????DI-PrexSPM?????????????????????
??3???????????????????????????????? hfIc1I1a10i?
????=40%?hf1Ic1I1a10i?????=40%?hf10Ic1I1a10i?????=40%?hfI00c1I1a10i?
????=40%?hf1I00c1I1a10i?????=40%?hf10I00c1I1a10i?????=40%? 6??
???F???????????????? 4?????????????????
???????????????2???????????? hfI10c1i???????
????????????????????????????
3.3 DI-SufPrexSPM
DI-PrexSPM???????????????????????????????
??????????????????????????????????????
??????Duration Interval-Sux Prex Sequential Pattern Mining(??DI-SufPrexSPM
???)??????
DI-PrexSPM???????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????DI-SufPrexSPM????????????????????Ditem?
Iitem?Ditem??????2????????????????????2????
??????????????????????????????????????
?????????????????????????????????
3.3.1 DI-SufPrexSPM???????
??????PrexSpan?????????????Prex???????Prex?
???????????????????????????????????????
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?????? Sux(??)????Sux Projection???????????????
? Sux????????????????????????????????Suf-
x Projection??????????????????? Sux??????????
??????????????????????????????????????
??????????????????Sux??????????????????
?? Sux????????????Sux???????????? Sux????
??????????????????????????????????????
?????Sux???????Sux?????????????????????
?????????????????????Prex??????????????
????????? Sux??? 1??????????????????????
???????????????Sux????????????????????
????
??????????????????????????????????????
?????????????????????????
DI-SufPrexSPM??????????????
 ???? 1???????????????????????????????
??????????????? 1???????????
 ???? 2??? 1??????Sux(??)????Sux??????????
???????????????????????????2????????
???????????????
 ????3??????????????Sux???Sux??????????
???????????????????????????????? 1??
?????????????????????????? Sux???????
{ ?? 1
???????????Sux?1??????????????????
??? 2???????????????????????????
 ???? 4??????????????Prex???Prex?????????
????????????????????????????????? 2?
???????????????????????????Prex???????
28 ? 3? ????
{ ?? 2
???????????Prex????????????????????
????2?????????????????????????????
???????
 ???? 5????? 3??????????????????Prex???Pre-
x??????????????????????????????????
??????????????????2?????????????????
??????????? Prex???????
??5???????????????3?4?5??????????????? l??
? (l+1)???????????????? 1??? 2??????????????
??????????????????????????????????????
???????????
??????? Algorithm3?????????????????????? Sux
?????? (SuxDISPM)?Prex?????? (PrexDISPM)?????Algorithm4
?Algorithm5????
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Algorithm 3 DI-SufPrexSPM(DB; Ihierarchy;minsup[plevel])
??
Input: DB :????????????
Ihierarchy :??????
minsup[plevel] :??????????????????
Output: ???????????????????????
Subroutine: GeneratePrexMDB(0; l0; P refixMDB j)
GenerateSuxMDB(0; l0; SuffixMDB j)
PrexDISPM(; l; baselevel; PrefixMDB j)
SuxDISPM(; l; baselevel; SuffixMDB j)
Parameters: ; 0 :?????????????????????
l :???
l0 :0???
PrefixMDB j:???? Prex????????
SuffixMDB j:???? Sux????????
L :??????????????????????????
Ll :?? l???????????????????????????
baselevel :???????????
H2 :??????????? 2?????????????
Sup :????
Ditem :????????
Iitem :????????
1: Li =SuxDISPM(null; 0;minsup[??????]; DB)
2: for  in L2 do
3: PrefixMDB j=GeneratePrexMDB(; 2; DB)
4: Lii =PrexDISPM(; 2; baselevel; PrefixMDB j)
5: end for
6: for  in Li do
7: PrefixMDB j=GeneratePrexMDB(; l;DB)
8: Liii =PrexDISPM(; l; baselevel; PrefixMDB j)
9: end for
10: L = Li + Lii + Liii
11: L???
30 ? 3? ????
Algorithm 4 SuxDISPM(; l; baselevel; SuffixMDB j)
Subroutine: GenerateSuxMDB(0; l0; SuffixMDB j)
Method:
1: if l = 0 then
2: L1 = f j sup  minsup[??????]g
3: for  in L1 do
4: SuffixMDB j=GenerateSuxMDB(; 1; DB)
5: SuxDISPM(; 1; null; SuffixMDB j) ?????
6: end for
7: end if
8: if l = 1 then
9: ??? hashmapE
10: for list M in SuffixMDB j do
11: ??? listP
12: for ??????? in M do
13: tstart???
14: for Ditem in ??????? do
15: interval = tstart   tend; Ihierarchy ???? fIitemsg ???
16: for Iitem in fIitemsg do
17: if !P .contains((DitemIitem)) then
18: P;E:key  (DitemIitem); E:key:value++
19: end if
20: end for
21: end for
22: end for
23: end for
24: for (DitemIitem) in E do
25: 0 = (DitemIitem) + 
26: if !????&&Sup0  minsup[0????] then
27: baselevel = 0????; l0 = 2; L2  0
28: end if
29: if ???? then
30: H2  0
31: end if
32: end for
33: for 0 in L2 do
34: SuffixMDB j0=GenerateSuxMDB(0; 2; SuffixMDB j)
35: SuxDISPM(0; 2; baselevel; SuffixMDB j0 ) ?????
36: end for
37: end if
38: if l > 0 then
39: ??? hashmapE
40: for list M in SuffixMDB j do
41: ??? listP
42: for ??????? in M do
43: tstart???
44: for Ditem in ??????? do
45: interval = tstart   tend; Ihierarchy ???? fIitemsg ???
46: for Iitem in fIitemsg do
47:  = (DitemIitem) + ????? Ditem
48: if  ????? baselevel ????&&! 2 H2 &&!P .contains((DitemIitem)) then
49: P;E:key  (DitemIitem) , E:key:value++
50: end if
51: end for
52: end for
53: end for
54: end for
55: for (DitemIitem) in E do
56: 0 = (DitemIitem) + 
57: if !????&&Sup0  minsup[baselevel] then
58: l0 = l+ 1; Ll0  0
59: end if
60: end for
61: for 0 in Ll0 do
62: SuffixMDB j0=GenerateSuxMDB(0; l0; SuffixMDB j)
63: SuxDISPM(0; l0; baselevel; SuffixMDB j0 ) ?????
64: end for
65: end if
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Algorithm 5 PrexDISPM(; l; baselevel; PrefixMDB j)
Subroutine: GeneratePrexMDB(0; l0; P refixMDB j)
Method:
1: ??? hashmapE
2: for list M in PrefixMDB j do
3: ??? listP
4: for ??????? in M do
5: tend???
6: for Ditem in ??????? do
7: interval = tstart   tend
8: Ihierarchy?????fIitemsg???
9: for Iitem in fIitemsg do
10:  = ??????Ditem+ (IitemDitem)
11: if  ????? baselevel ???????? baselevel ???
&&!P .contains((IitemDitem)) then
12: P;E:key  (IitemDitem); E:key:value++
13: end if
14: end for
15: end for
16: end for
17: end for
18: for  in Li do
19: if ? Prefix =  then
20: E:key  (IitemDitem) =    ? Prefix; E:key:value = Sup
21: Li????
22: end if
23: end for
24: for (IitemDitem) in E do
25: 0 =  + (IitemDitem)
26: if !????&&Sup0  minsup[baselevel] then
27: l0 = l + 1
28: Ll0  0
29: end if
30: end for
31: for 0 in Ll0 do
32: PrefixMDB j0=GeneratePrexMDB(0; l0; P refixMDB j)
33: PrexDISPM(0; l0; baselevel; PrefixMDB j0)?????
34: end for
32 ? 3? ????
? 3.2??????????????????? F??????????????
???????????????DI-SufPrexSPM????????????3.2??
???????? ?????? 2.2??? 3??????????????????
?????0????????6??????????????????????80%?
70%?60%?50%?40%?30%?20%??????
 DI-SufPrexSPM? 1??:???? 1?2?3??????
SuxDISPM()?????????????????????????????
1?????????????????? 1?????? Sux????Gener-
ateSuxMDB()????Sux?????????????????Sux???
????????????2???????????????????????
?????????????????????????2???????????
?????? 1????? ha10i?hc1i : : :??????????????????
??????2??????? hc1I1a10i?????=40%?hf1I00c1i?????=40%?
hf10Ic1i?????=50%?hf10I00c1i?????=40%: : :????????
??Sux???????????????????????????????
?????????????2??????????????????????
???H2??????
????????????????? hfI0c1i?????=40%????? hfI00c1i?
????=40%????? hf1I0c1i?????=40%???? hf1I00c1i?????=40%: : :
???????????????????????? hfI0c1i?hf1I0c1i : : :?H2?
?????
????????????????? 2 ???????? Sux ????Sux
???????????????????????1?????H2?????
????????????????????????????????????
??? 3?????????????
??????????? hc1I1a10i? Sux??????GenerateSuxMDB()??
????hc1I1a10i? Sux???????????????????????H2
?????????1????????????? hc1I1a10i???????hc1I1a10i
?????4??????c1???????2??????????0?1?2?3?
????????????????????????1????? hfIc1i? (fI)?
???2????? hf1Ic1i? (f1I)????3????? hf10Ic1i? (f10I) : : :???
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?? 1???????hc1I1a10i??????????????????? 3??
??? hfIc1I1a10i?????=40%?hfI10c1I1a10i?????=20%?hf1Ic1I1a10i??
???=40%?hf10Ic1I1a10i?????=40%?hfI00c1I1a10i?????=40%?????
??????????? 4??????????? 40%?????????Suf-
x?????? SuxDISPM()?????????F????????????
???? 3???????? hfIc1I1a10i?hf1Ic1I1a10i?hf10Ic1I1a10i?hfI00c1I1a10i
? 4?????H2 ???????? 2????????? hfI0c1i????? 3
????? hfI0c1I1a10i? hfI00c1I1a10i???????????????????
??
??????? 3????????Sux?????????????????
????????????????????????? Sux????????
????????????????????? Li??????
 DI-SufPrexSPM? 2-5??????? 4?5??????
????????????????? 2????????Prex????Gener-
atePrexMDB()???? Prex?????????????????Prex??
?????????????????????2??????????????
??????????????????????????????3??????
???????
??????????? hf10Ic1i?hf1I00c1i?hf10I00c1i?Prex????GeneratePre-
xMDB()??????Prex?????????????????????? 2
?????????????Prex?????????? 3??Prex????
????? 3?4?5????c1??????? 2????? hc1I1a10i???? 4?
?????(I1a10)? hf1I00c1i? hf10I00c1i???????????hf10Ic1i??c1?
???????3????? hc1I1a1i? (I1a1)???????????????F
????????????????3???????????????????
?? 4??????????? 40%?????????Prex?????? Pre-
xDISPM()?????hf1I00c1I1a10i?????=40%?hf10I00c1I1a10i?????=40%
? 2???????????????
????5??Li????????????????????????????
??????Li??? l????????Prex?????????? 1????
(l   1)????????????????? (l   1)????????????
34 ? 3? ????
Prex?????????????????Li???????????????
???????????????????Li????????????????
?????????????????????????????
????hf10Ic1i??????? hf10Ic1I1a1i?????????Li????Prex
??????????? hf10Ic1I1a10i????????hf10Ic1I1a10i? Li???
??????????????2?????????????????hf10Ic1I1a1i
?????hf10Ic1I1a10i????? Prex????
???????3????????Prex?????????????????
?????????????????????????Prex????????
????????????????????? Lii??????
 DI-SufPrexSPM? 6-9??????? 5??????
Li ?????????????????????? Prex ?????????
??????????????????????????????Prex???
???PrexDISPM()??????????????????????????
???????????? Liii??????
????1????????4????3??????? hfIc1I1a10i?hf1Ic1I1a10i?
hf10Ic1I1a10i?hfI00c1I1a10i????hf10Ic1I1a10i? 2-5????????Li???
?????Li??? 3???????? hfIc1I1a10i?hf1Ic1I1a10i?hfI00c1I1a10i?
????Prex?????????????? hc1I1a10i???? 4??????
????????????????
 DI-SufPrexSPM? 10-11???Li?Lii?Liii????????????????
???????????? L????????????? L??????
?????????????????????F??????????????
?? 3???????????Li?? hfIc1I1a10i?hf1Ic1I1a10i?hfI00c1I1a10i?Lii
?? hf1I00c1I1a10i?hf10I00c1I1a10i?hf10Ic1I1a10i??? 6?????
????? 3.2.2?????DI-PrexSPM????????? F???????
?????????3?6?????????????DI-SufPrexSPM?DI- Pre-
xSPM?????????????????????
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3.3.2 DI-SufPrexSPM????
DI-SufPrexSPM??????????????????????????????
??????????????????????DI-PrexSPM???????????
??????????????????DI-SufPrexSPM?????????????
??????????????????????????????????????
??????????DI-SufPrexSPM????????????????????
??DI-PrexSPM?????????????????????????
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?4? ????
DI-PrexSPM?DI-SufPrexSPM??????????????2????????
??????????????????????????????????????
??????????????????
2????????? Java?????????????????????????
?????????? 3???????????????????????????
??????? Intel(R) Xeon(R) 3.07GHz?CPU? 12GB?????????Java ver-
sion? 1.7????OS? ubuntu 12.04????
4.1 ?????
???????? [9]????? synthetic data generation algorithm???????
???????????Potentially large????????????????????
???????????????????? 4.1????????????????
?????
? 4.1: ????????
????? ???
Ne ?????
Ns ??????
Ls ????????
Np Maximal Potentially large ??????
Lp Maximal Potentially large??????????
Dmax ????????
I ???????
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??????????????? 5?????????????????????
??????? 4.2????????Ne=1000?Lp=5?Np=1000?Dmax=27?I=0?27?
???????
? 4.2: ???????????
ID Ns LS
1 100,000 15
l0 100,000 10
l2 100,000 20
n0 50,000 15
n2 150,000 15
4.2 ????
2????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????? 3?
???????
4.2.1 ??????????????
?4.2????1???????????????????????0.05%?????
??????????????0.6%??0.3%??????????2???????
??????????????????????????????????????
???
? 4.1(a)? 2???????????????????????????????
?????4.1(b)??????????????????2????????????
?????????????????
38 ? 4? ????
(a) ????
(b) ??????
? 4.1: ??? 1?????
4.2. ???? 39
? 4.1???????????????????????????????DI- Pre-
xSPM?DI-SufPrexSPM??????????????????????????
??????????????????????????????????????
?????????????????????DI-PrexSPM ? DI-SufPrexSPM ??
???????????????????
? 4.2 ?? DI-PrexSPM ? DI-SufPrexSPM ?????????????????
??? 4.2(a)????????????????? 2??????????????
?????????? 4.2(b)???????????????? 0.5%???????
??????????????????????????????????????
?4.2(a)?????????????????????????????DI-PrexSPM
?DI-SufPrexSPM?????????????????????????????
????? 2??????????????????????????? 4.2(b)??
????????????????? 0.5%????DI-PrexSPM?????????
?????? DI-SufPrexSPM? 2??????????????????????
??????????????????????2175??????????????
?????????????????????????????????????DI-
PrexSPM????? 1???????????????????????????
????DI-SufPrexSPM????????
40 ? 4? ????
(a) ????????????????
(b) ?????????????=0.5%???????
? 4.2: ??? 1???????????
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4.2.2 ?????????????????????
? 4.2? 5???????????????????????????? 0.05%??
?????????????????0.6%??0.3%???????????????
??????????????????DI-PrexSPM?DI-SufPrexSPM?????
?????????
? 4.3??????????????????????? 10? 20???? l0?l2?
????????? 4.4???????????????????????? 50000?
150000???? n0?n2?????????
42 ? 4? ????
(a) ??? l0?????
(b) ??? l2?????
? 4.3: ???????????
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(a) ??? n0?????
(b) ??? n2?????
? 4.4: ???????????
44 ? 4? ????
? 4.1(a)?? 4.3???????????????????????? 5?????
?????????????????????DI-PrexSPM?DI-SufPrexSPM???
????????????????????????????????????DI- Suf-
PrexSPM?DI-PrexSPM??????????????????????????
??1???????????????????????????????????
?????????DI-PrexSPM????? 1?????????????????
????????
?4.5(a)?????????100000???????????????0.5%??????
??????? 10?15?20?DI-PrexSPM?DI-SufPrexSPM??????????
??????????4.5(a)?????????????????????DI-PrexSPM
???????????????DI-SufPrexSPM???????????????
??????????????????
???? 4.1(a)?? 4.4??????????????????????? 50000?
???????????????????????DI-PrexSPM?DI-SufPrexSPM?
???????????????????????????????????DI- Suf-
PrexSPM?DI-PrexSPM??????????????????????????
??????????????????????????????????????
???????????????DI-PrexSPM????? 1???????????
????????????????
? 4.5(b)??????????? 15??????????????? 0.5%????
??????? 50000?100000?150000?DI-PrexSPM?DI-SufPrexSPM?????
??????????????? 4.5(b)?????????????????????
DI-PrexSPM?DI-SufPrexSPM???????????????????????
????????
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(a) ?????????????
(b) ?????????????
? 4.5: ????????????????????
46 ? 4? ????
4.2.3 ????????
3.3.2?????DI-SufPrexSPM???????DI-SufPrexSPM?????????
??????????????????????????????????????
???????????????????????????????DI-SufPrexSPM
??????????????????????????????????????
????????????????????DI-SufPrexSPM???????????
??????????????????????????????????????
??DI-SufPrexSPM??????????
?????? 1??????????????????? 0.5%?????????
??????????????????0.01%?0.03%?0.05%????????DI-Suf
PrexSPM?DI-PrexSPM??????????????????????????
4.6????
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(a) ??????
(b) ??????????
? 4.6: ????????
48 ? 4? ????
? 4.6??????????????????????????????????
????????????????????????????????????DI- Suf-
PrexSPM???????????????????????DI-SufPrexSPM???
??????????DI-PrexSPM?????????????? 1???????
??????????????????????????????????????
??????????????????????????????????????
?????????????DI-PrexSPM????????????????
?????????????????????????? 0.01%????????
??????????????????DI-SufPrexSPM? DI-PrexSPM?????
?????????????????DI-SufPrexSPM? DI-PrexSPM??????
??????????????????????????????????????
?0.03%?0.05%????????????????????????DI-SufPrexSPM
? DI-PrexSPM??????????????????????DI-SufPrexSPM?
?????DI-PrexSPM????????
4.3 ???????????
??????????????????????????????????????
??????????????????????????????????????
?????
??? 1???????????????????????? 0.05%???????
???????????? 0.6%?? 0.4%???????DI-SufPrexSPM?????
?????????????????????????????????4.7????
???DI-PrexSPM?????????????????????????????
????????? 4.8????
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(a) ????
(b) ?????????
? 4.7: ?????DI-SufPrexSPM?????
50 ? 4? ????
(a) ????
(b) ?????????
? 4.8: ?????DI-PrexSPM?????
4.3. ??????????? 51
? 4.7 ?? 4.8 ?????????????????????????????DI-
SufPrexSPM?DI-PrexSPM?????????????????????????
??????????????????????????????????????
????????????????
?4.9????????????????0.5%????DI-SufPrexSPM?DI-PrexSPM
??????????????????????????????????????
????????????????????????
?4.9(a)??????????????????????DI-PrexSPM??????
????DI-SufPrexSPM???????????????DI-SufPrexSPM????
??????????????????????????????????????
???DI-PrexSPM?????????????????????????????
?????????????????????????????DI-PrexSPM???
???????????DI-SufPrexSPM??????? (? 4.9(b)???)?????
4.9(c)???????????????????????????????????
??????
52 ? 4? ????
(a) ??????
(b) ??????????
(c) ????????
? 4.9: ?????????
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?????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????????????? 2????????DI-PrexSPM?DI- Suf-
PrexSPM??????
DI-PrexSPM???????????????????????????????
????PrexSpan??????????????????DI-PrexSPM?????
??????????????????????????????????????
??????????????????????????????????????
????????????????????????????
DI-SufPrexSPM?DI-PrexSPM??????????????2????????
??????????????????????????????????????
???????????????????????????????????DI- Suf-
PrexSPM?????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????
????????????????????????????????? DI- Suf-
54 ? 5? ????
PrexSPM?DI-PrexSPM??????????????????????????
????????DI-PrexSPM?DI-SufPrexSPM????????????????
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